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President & CEO, STAAR Surgical Company 
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STAAR® Surgical 

• Headquartered in 
Monrovia, CA 

• US public company  
for >30 years 

• >300 employees 
• Moving  

manufacturing jobs 
to US 

• Completed BIMO 
inspection August 2013 
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Myopia-Correcting Visian Implantable  
Collamer Lens 

• Long history of successful use 
– >17 years worldwide 

• > 400,000 implants globally 
– >45,000 implants in US 

since FDA approval in 2005 
• Low complication rate 

– Total global adverse event 
rate 1.26% 
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Myopia- and Astigmatism-Correcting  
Visian Toric Implantable Collamer Lens (TICL) 

• Single treatment for correction of myopia and 
astigmatism  

• Nearly identical to MICL  
– Slight difference in design and surgical technique 

• Toric surface on anterior side of optic 
• Alignment of axis of astigmatism 

• Commercially available in >60 countries since 2002 

– >110,000 implants globally 
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Proposed Indication for TICL 

The Visian TICL is designed for use in: 
• Adults 21 to 45 yr of age 
• Correction of myopic astigmatism in adults with spherical equivalent 

ranging from –3.00D to ≤ –15.00D with cylinder of 1.00D to 4.00D 
• Reduction of myopic astigmatism in adults with spherical equivalent 

ranging from > – 15.00D to –20.00D with cylinder of 1.00D to 4.00D 
• Adults with an anterior chamber depth (ACD) of 3.00 mm or greater, 

when measured from the corneal endothelium to the anterior surface of 
the crystalline lens and a stable refractive history (within 0.50D for 1 yr  
prior to implantation) 

• The Visian TICL is intended for placement in the posterior chamber 
(ciliary sulcus) of the phakic eye 
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Regulatory History of ICL Platform 

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 

1997 
MICL clinical  
investigation  
began 

2005 
MICL FDA approval 

Three MICL PAS’s  
(3,000 eyes to be followed 5 yr) 

2002 
TICL clinical 
investigation request 
submitted  

2007 
TICL submission  
placed on integrity hold 

2009 
Following completed 
audit, FDA removed 
TICL integrity hold 

2013 
FDA inspections in 
Monrovia and 
Switzerland 

2014 1997 
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Continuous Improvement Efforts at STAAR® 

• New senior management team in 2007 
• On-going training, key objectives, and increased 

monitoring and communication  
• Improved results in past 2 yr  

– 4 FDA inspections 
• 3 resulted in no observations  
• 1 resulted in observations, which appeared 

not to warrant regulatory follow-up at this 
time   

 



CI-9 

Independent Audit Affirmed TICL Data Integrity 

• 100% of TICL clinical trial data audited in 2007 
– Audit team was independent third-party, 

managed by FDA 
– 92,000 data points thoroughly reviewed 

• Audit affirmed data integrity 
– Only 238 data points (0.3%) modified 

• Audit resulted in FDA removal of integrity hold  
in 2009 
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Strength of the Audited TICL Data 

• Post-op UCVA 
– 82% were 20/20 or better  
– 54% were 20/16 or better 

• 77% of eyes had post-op UCVA equal to or better 
than their pre-op BCVA 

• Safety profile consistent with ICL platform 
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What You Will Hear Today 

• Clear unmet need for TICL 
– Currently being met in >60 countries worldwide 

• TICL built upon already approved MICL platform  
• Data demonstrate safety and effectiveness 

– Study endpoints were met or exceeded per 2002 protocol 
– 3 Post-approval studies from MICL approval 
– Proposed PAS for TICL  

• Peer-reviewed literature supports clinical outcomes of TICL 
• Global complaint data from ~300,000 ICL implants continue to 

show excellent clinical results with few complications 
• Patients very satisfied with >110,000 TICLs implanted globally 
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The STAAR® Toric ICL 
Clinical Landscape/Unmet Need 

Robert P. Rivera, MD 
Director of Clinical Research 
Intraocular Lens & Refractive Surgery  
Hoopes Vision 
Draper, Utah 
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Epidemiology 
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Substantial Prevalence of  
Myopia and Astigmatism 

• Prevalence of myopia is variable1 

• National Health and Nutrition Examination Survey (NHANES; 
1999 - 2004)  
– Evaluated >12,000 US individuals ≥12 yr old 
– Age-standardized prevalence of2 

• Myopia 33.1% 
• Astigmatism 36.2% 

– Estimated prevalence of myopia in persons aged  
12 - 54 yr increased from 25% to 41.6% since 19723 

Myopia defined –1.0D or greater; and astigmatism, cylinder of 1.0D or greater in either eye. 
1. Goss DA, et al. Optometric Clinical Practice Guideline: Care of the Patient With Myopia. American Optometric Association. Published 
August 9, 1997; 2. Vitale S, et al. Arch Ophthalmol. 2008;126(8):1111-1119; 3. Vitale S, et al. Arch Ophthalmol. 2009;127(12):1632-1639.  
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Distribution of Astigmatism in Myopic Patients  

Young G, et al. Eye Contact Lens. 2011;37:20-25.  
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Current Treatment Options  
and Unmet Clinical Need 
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Current Treatment Options for  
Myopic Astigmatism 

• Nonsurgical 
– Spectacles 
– Contact lenses 

• Surgical 
– LASIK (Laser in situ keratomileusis) 
– PRK (Photorefractive keratectomy) 

• Incisional  
– AK (Astigmatic keratotomy)  
– LRI (Limbal relaxing incision) 
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Unmet Clinical Needs—Patients Who Would 
Most Benefit From the Visian TICL 

• Patients eligible for MICL who also require astigmatism 
correction 
– Currently necessitates secondary procedure with its 

associated risks 
• Patients with astigmatism who are not eligible for laser or 

incisional procedures 
– Currently, myopia can be corrected with Visian MICL; 

however, astigmatism would remain uncorrected 
• Patient preference for non-laser or incisional procedure 

– Currently, myopia can be corrected with Visian MICL; 
however, astigmatism would remain uncorrected 
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Visian Toric ICL 
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Benefits of Visian TICL 

• Requires only one refractive procedure  
– Eliminates need for secondary procedure and 

associated risks 
• Implanted via same minimally invasive procedure 

used for MICL 
• Removable if necessary 
• Preserves preexisting corneal shape 

– No tissue ablation required 
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Flexible  
footplate 

Optic Diameter  

Haptic 

Optic 

Visian TICL Lens Design and Dimensions 

Flexible 
Footplates 
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Visian TICL Lens Markings and Axis Alignment 

90° 45° 

0° to 180° 
Meridian 

Lens 
Orientation 

Marking 

Diamond-Shaped 
Alignment 
Marking 

135° 

Lens Cylinder Axis Relative to the 0° to 180° Meridian 



CU-12 

Crystalline Lens 

Cornea 

Iris 

Ciliary Process Zonules 

Sulcus 

Visian TICL Position in the Eye 
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Visian TICL Position in the Eye 



CU-14 

Visian TICL Stabilized by Ciliary Processes 

The footplates of the Visian ICL 
are designed to find a fixation 
point among the ridges created 
by the ciliary processes, which 
form the pars plicata 

Ciliary process 
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20° CCW 

  35° (label axis) + 20° (intra-op positioning or alignment) = 55°   

Visian TICL Alignment in the Eye 

TICL Label  
–10 + 4 x 35° 

55° axis of astigmatism 

35° Toric axis 
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Visian TICL Surgical Procedure 

• Same surgical technique as MICL 
• Implanted within posterior chamber directly behind 

iris and in front of anterior capsule 
– ≤3.5-mm incision 

• Rotated per surgical plan for axis placement 
– Up to a maximum of 22° from horizontal 
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Crystalline Lens 

Visian TICL Sizing in the Eye 

• The foot plates are designed to reside on the ciliary processes 
• Per label, sizing determined by White-to-White (WTW) measurement 

Cornea 

Iris 

Ciliary Process Zonules 

Sulcus 
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Visian TICL Models 

Model  

T/MICL 
spherical 

equivalent  
power, Da 

T/MICL  
overall 

length, mm 

MICL 
cylinder  
power, D 

TICL 
cylinder  

power, Da 

T/MICL 12.1 –3.0 to –16.0 12.1 0 1.0 to 4.0 
T/MICL 12.6 –3.0 to –16.0 12.6 0 1.0 to 4.0 
T/MICL 13.2 –3.0 to –16.0 13.2 0 1.0 to 4.0 
T/MICL 13.7 –3.0 to –16.0 13.7 0 1.0 to 4.0 
a In 0.5D increments. 
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Conclusions 

• Broad range of patients could benefit from TICL 
• TICL can correct both myopia and astigmatism with 

a single procedure 
– Eliminates need for secondary procedure and 

associated risks 
– Does not irreversibly alter the cornea 
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Study Methods, Study Conduct,  
and Independent Audit 

Robin Hughes 
VP of R&D and Regulatory Affairs 
STAAR Surgical 
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Study Methods 

• Packaging solution  
– Study lenses in saline solution 
– Commercially in balanced salt solution (BSS)  

• Determining lens power 
• Determining lens length  

 



CM-3 

MICLs Implanted in the Myopia Study (1) 

• All lenses in MICL study were packaged in saline  
• The lens packaged in saline changes in size and power when 

implanted in aqueous humor in eye 
– Single conversion factors for both size and power 

• The lens power calculation compensated for this difference 
– Calculated the power needed in the eye 
– Recommended a lens power for implantation, based on 

the lens power in saline  
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MICLs Implanted in the Myopia Study (2) 

• FDA expressed concerns that a lens packaged in saline did 
not reflect the lens power in eye 

• Prior to commercialization of the MICL, based on FDA input, 
the lens packaging solution was changed to BSS 
– BSS is equivalent to aqueous humor 
– Lens dimensions and power in BSS are the same as in eye 

• All changes were submitted and accepted by FDA 
• More than 45,000 MICLs have been implanted in the US 

– ALL were packaged in BSS 
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TICLs Implanted in the Toric Study 

• All lenses in TICL study were packaged in saline 

• The TICL range for which STAAR is seeking approval is for lenses 
packaged in BSS 

• Based on discussion with FDA, after the study was completed, 
the submission was modified to reflect lenses packaged in BSS 

– As per the MICL change, all changes were submitted to FDA 
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Lenses Studied and Proposed for Approval 

Protocol Studied 
Approved 

MICL 
Proposed for 

Approval  

Overall length 
(mm) 

Saline 11.5 to 13.0 

BSS 12.1 to 13.7 12.1 to 14.2 12.1 to 13.7 12.1 to 13.7 

Spherical 
equivalent (D) 

Saline -3.0  to -20.0 

BSS -2.4 to -15.6 -4.3 to -18.0 -3.0 to -16.0 -3.0 to -16.0 

Cylinder power (D) 
Saline 1.5 to 6.0 

BSS 1.2 to 4.7 0.8 to 4.7 NA 1.0 to 4.0 

Saline to BSS conversion factors (same as approved MICL): 
Sphere and cylinder: 0.782 
Length: 1.05 



CM-7 

Method for Determining Lens Power (1)  

• Lens power is determined using the Visian TICL Calculator 
software based on the following parameters  
– Manifest refractive sphere, cylinder and axis (spectacle plane) 
– Back vertex distance 
– Keratometry 
– Central corneal thickness 
– Anterior chamber depth 
– White-to-white measurement 

• The software did not include surgically induced astigmatism 
in calculation of cylinder power 
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Method for Determining Lens Power (2)  
Surgically Induced Astigmatism  

• SIA in the study—Spatial Median 0.22D at 83°  
• Supported by outcome data 

– Percent reduction in absolute cylinder 
– UCVA 

• SIA compensation will be included in a future 
version of calculation software, subject to 
validation and approval 
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Method for Determining Lens Power (3)  

• The software calculates the lens power required to achieve emmetropia 
– Effective lens power 
– Spectacle plane to ICL plane 

• Example – Rx   Sphere –12.00D,   Cylinder +2.50D,   Axis 75° 
 
 
 
 
 
 
 
 
 
 

Sel 
Sph 

Sel 
Cyldr 

Exp 
Sphere 

Exp 
Cylinder 

Exp 
Axis 

Exp 
Seq 

–13.50 +2.0 +00.53 +00.37 075 +00.71 

–13.00 +2.0 +00.14 +00.37 075 +00.32 

–12.50 +2.0 –00.26 +00.37 075 –00.08 

–12.00 +2.0 –00.66 +00.37 075 –00.48 

–11.50 +2.0 –01.07 +00.37 075 –00.89 

Lens Selected TMICL12.6 –12.50/+2.0 X075 
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Method for Determining Lens Power (4)  

• The Visian TICL could be positioned in-eye by 22.5° to align 
the cylinder axis of the lens to the cylinder axis of the pre-
operative manifest refraction 

• The user selected a lens with the correct power and the 
cylinder axis within 22.5° of the axis of astigmatism 

 

 

    

• Software generated an Implantation Orientation Diagram to 
provide guidance on alignment of the lens 

Lens ID Model Sphere Cylinder Axis 

X215 TMICL12.6 –12.5 2.0 092 

X003 TMICL12.6 –12.5 2.0 086 

X014 TMICL12.6 –12.5 2.0 061 
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Implantation Orientation Diagram (Example) 

Rotate lens clockwise 11° after horizontal implantation 
Axis of 

Astigmatism 

Sph Cyl Axis 
Preoperative data –12.0 2.5 75 
Lens label data X003 –12.5 2.0 86 
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Method for Determining Lens Length 
• White-to-white and anterior chamber depth (ACD) measurements were 

used to determine the recommended lens length 
 
White-to-white, mm 

Anterior chamber depth, mm 
2.8 - 3.0 3.1 - 3.5 3.6 - 4.5 

10.9 12.1mm 12.1mm 12.1mm 
11.0 12.1mm 12.1mm 12.6 mm 
11.1 12.1mm 12.1mm 12.6 mm 
11.2 12.1mm 12.1mm 12.6 mm 
11.3 12.1mm 12.6 mm 12.6 mm 
11.4 12.6 mm 12.6 mm 12.6 mm 
11.5 12.6 mm 12.6 mm 13.2 mm 
11.6 12.6 mm 12.6 mm 13.2 mm 
11.7 12.6 mm 12.6 mm 13.2 mm 
11.8 12.6 mm 13.2 mm 13.2 mm 
11.9 13.2 mm 13.2 mm 13.2 mm 
12.0 13.2 mm 13.2 mm 13.7 mm 
12.1 13.2 mm 13.2 mm 13.7 mm 
12.2 13.2 mm 13.2 mm 13.7 mm 
12.3 13.2 mm 13.7 mm 13.7 mm 
12.4 13.7 mm 13.7 mm 13.7 mm 
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Study Conduct 
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Lenses Not According to Protocol 

Sphere and 
Cylinder 
32 eyes 

Lens Length 
18 eyes 

Axis Target 
126 eyes 

Total 143 eyes 

18 

8 

3 
2 
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Protocol Deviation— 
Lens Power Outside Protocol Approved Range 

• 32 eyes were implanted with a lens power outside of the protocol 
approved range 
 
 
 
 

• While the lens powers were outside the approved range, they 
treated myopic astigmatism within the treatment range approved 
in the protocol 

Cylinder lens power  
< +1.50D 
in saline 

Both sphere > –20.00D 
and cylinder < +1.50D 

in saline 

Sphere lens power  
> –20.00D 
in saline 

24 2 6 

Manifest  
sphere range 

Manifest 
cylinder range 

Approved Treatment Range    –3.00D to –20.00D +1.00D to +4.00D 
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Protocol Deviation— 
Change in Axis Manufacturing Targets 

• Protocol stated the lenses have cylinder targeted on 4 axes 

– 0°, 45°, 90° and 135° 

• On April 23, 2003, cylinder targeting procedures was changed to 
target manufacturing of cylinder on 33 axes 

• Other than changes to the axis target method, the lens design was 
the same 

• The change in the manufacturing axis had no significant impact on 
the outcomes of the study 
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Changes to Axis Manufacturing Targets Did Not 
Effect the Average Fixation Angle 

Fixation angle 

Lenses targeted with cylinder on 
the 4 axes per the protocol 

Lenses targeted with cylinder on 
multiple axes outside of protocol 

Number 
of eyes Eyes, % 

Average 
degrees 

of 
rotation 

Number 
of eyes Eyes, % 

Average 
degrees 

of 
rotation 

0° 5 6% 0.0 7 6% 0.0 
1° - 5° 35 42% 2.5 44 35% 3.3 
6° - 10° 19 23% 7.9 34 27% 8.0 
11° - 15° 10 12% 13.0 21 17% 12.3 
16° - 22° 15 18% 18.4 19 15% 18.8 
Total 84  100% 7.7 125a  100% 9.0 

• There was no significant difference in the average fixation angle or the 
distribution of fixation angles between the groups 
– Both ranged from 0° to 22° 

a 90° rotation noted as protocol deviation is not included in analysis. 
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Lens Length Selected Not According to Protocol 

• 18 lenses were implanted with lengths different 
from the recommended length 
– 11 were requested by the investigator 
– 4 were the 14.3-mm–length lens  
– 3 based on incorrect ACD measurement 
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Independent Audit 
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Results of Independent Audit Confirmed 
Integrity of Study Database 

• Conducted under direction of the FDA  
• Independent audit conducted by Promedica International  

– PMI reported directly to FDA 
• Audited 100% of clinical data 

– All 7 clinical sites, patients’ charts to CRFs, CRFs to clinical 
database 

• The audit resulted in 238 data changes (0.3%) out of 92,000 
total data points audited 

• Only 80 data changes (0.1%) had an overall positive but 
insignificant impact on the study outcomes 

• Resulted in lifting of the integrity hold 
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Results of Independent Audit Confirmed 
Integrity of Study Database 

Promedica concluded: 
 
“The corrected database is a true reflection of the 
data in the field. This corrected database can be used 
to analyze the study data.”  
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Conclusions 

• While the lens powers were outside the approved 
range, they treated myopic astigmatism within the 
treatment range approved in the protocol 

• Other than changes to the axis target method, the 
lens design was the same 
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Effectiveness 

Steven Schallhorn, MD 
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Overview 

• Study design 
• Study conduct 
• Demographics and baseline characteristics 
• Refractive outcomes 

– Predictability 
– Stability 

• Rotational stability 
• Visual outcomes 
• Patient satisfaction and quality of vision 
• Conclusions 



CE-3 

Study Design 
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Clinical Study Overview 

• Prospective, multi-investigator, multi-site study conducted 
between 2002 - 2006 

• 124 patients; 210 eyes 
• Primary objective: assess effectiveness for the correction of 

myopic astigmatism 
• Safety of Visian ICL technology established by the approval 

of the myopic ICL (MICL) 
• Subjects followed for 12 mo, with visits at 1 day, 1 wk, 1 mo, 

3 mo, 6 mo and 12 mo 
• Primary effectiveness endpoints analysis was at the 

12-mo visit 
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Key Inclusion Criteria 

• 21 - 45 yr of age 
• BCVA 20/40 or better 
• Phakic eyes with moderate to severe myopia  

(–3 to –20D sphere at spectacle plane) 
• Astigmatism in the range of +1 to +4D cylinder; 

cylinder less than sphere  
• Stable refraction (change in Manifest Refraction 

Spherical Equivalent [(MRSE)] of ≤0.5D) for the last 
12 mo 
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Key Exclusion Criteria 

• History of/or clinical signs of iritis, uveitis, synechiae, 
pigment dispersion syndrome, retinal disease, chronic 
intraocular inflammation, macular degeneration, irregular 
astigmatism, keratoconus, or cystoid macular edema in 
either eye 

• Diabetes 
• Glaucoma in either eye 
• Previous intraocular or refractive surgery in the eye to be 

treated 
• Visually significant lens opacities 
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Endpoint Target (if specified in protocol) 

Improvement in UCVA 85% 20/40 or better if pre-op BSCVA 
was 20/20 or better 

Decrease in myopia and cylinder 

Predictability: MRSE 75% within ± 1.0D; 50% within ± 0.5D 

Predictability: absolute cylinder 65% within ± 1.0D; 40% within ± 0.5D 

Stability of refraction 

Patient reported outcomes 

Rotation of the lens 

Effectiveness Endpoints and Targets 
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Safety Endpoints 

• The safety profile of the platform was established 
with the approved Visian MICL 

• Study endpoints for the TICL study: 
– Preservation of BCVA 
– Slit lamp examination - lens opacities 
– Intraocular pressure 
– Incidence of complications and adverse events 
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Study Conduct 
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Patient Disposition and Accountability 

210 eyes 
 124 primary 
   86 fellow 

250 eyes enrolled 

231 eyes implanted 21 excluded from PMA cohort 
 16 MICL in fellow eyes 
   2 out of age limit at surgery 
   1 less than 1D cylinder 
   2 compassionate waivers approved by FDA 

13 lost to follow-up at 12 mo 
  3 discontinued (TICL removed) 

146 (70.5%) accountable at 12 mo 
window per standard 

194 (93.7%) evaluated for 12 mo visit 

17 no surgery 
  2 iridotomy only 

48 out of window visits 
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Protocol Deviations (4% of all Data Points) 

Type of deviation Occurrences 
Data 

points Eyes 
Major 54 54 

Lens power outside protocol approved range 32 32 32 

Lens length not selected according to protocol 18 18 18 
Noncompliance with surgical procedures 4 4 4 

Minor 652 3,592 
Missing information 272 495 − 
Manufacturing axis not according to protocol 126 126 126 
Out-of-window visits 123 123 88 
Unapproved randomization 41 41 41 
Missed visits 33 33 25 
Snellen instead of ETDRS 33 33 18 
Inconsistency between protocol and CRF 13 2,730 210 
Noncompliance with pre-surgical procedure 8 8 8 
Eyes outside of the inclusion criteria 3 3 3 

Total occurrences 706 3,646 

Type of deviation Occurrences 
Data 

points Eyes 
Major 54 54 

Lens power outside protocol approved range 32 32 32 

Lens length not selected according to protocol 18 18 18 
Noncompliance with surgical procedures 4 4 4 
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Manufacturing axis not according to protocol 126 126 126 
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Unapproved randomization 41 41 41 
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Snellen instead of ETDRS 33 33 18 
Inconsistency between protocol and CRF 13 2,730 210 
Noncompliance with pre-surgical procedure 8 8 8 
Eyes outside of the inclusion criteria 3 3 3 
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Type of deviation Occurrences 
Data 

points Eyes 
Major 54 54 

Lens power outside protocol approved range 32 32 32 

Lens length not selected according to protocol 18 18 18 
Noncompliance with surgical procedures 4 4 4 

Minor 652 3,592 
Missing information 272 495 − 
Manufacturing axis not according to protocol 126 126 126 
Out-of-window visits 123 123 88 
Unapproved randomization 41 41 41 
Missed visits 33 33 25 
Snellen instead of ETDRS 33 33 18 
Inconsistency between protocol and CRF 13 2,730 210 
Noncompliance with pre-surgical procedure 8 8 8 
Eyes outside of the inclusion criteria 3 3 3 

Total occurrences 706 3,646 
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Major Protocol Deviation: 
Lenses Implanted Not According to Protocol 

• 32 lenses sphere or cylinder outside of range 
– All of the eyes were within the manifest sphere 

and cylinder treatment range 
– The protocol did not accommodate the range of 

refractive error inclusion criteria 
• 18 lenses length not selected according to protocol 
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Protocol Deviations 

Type of deviation Occurrences 
Data 

points Eyes 
Major 54 54 

Lens power outside protocol approved range 32 32 32 

Lens length not selected according to protocol 18 18 18 
Noncompliance with surgical procedures 4 4 4 

Minor 652 3,592 
Missing information 272 495 − 
Manufacturing axis not according to protocol 126 126 126 
Out-of-window visits 123 123 88 
Unapproved randomization 41 41 41 
Missed visits 33 33 25 
Snellen instead of ETDRS 33 33 18 
Inconsistency between protocol and CRF 13 2,730 210 
Noncompliance with pre-surgical procedure 8 8 8 
Eyes outside of the inclusion criteria 3 3 3 

Total occurrences 706 3,646 
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Minor Protocol Deviation: 
Missing Information 

Type of deviation Occurrences Data points 
Missing information 272 495 

Subjective questionnaire 

Entire questionnaire (9 data points each) 24 216 
Individual questions 4 4 

Axis orientation  213 213 

One eye with multiple missing items at  
3 mo visit 1 20 

Manifest refraction or visual acuity 18 18 
LOCS score  3 15 
IOP 4 4 
Complications and adverse events 5 5 
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• Other than changes to the axis target method, the lens 
design was the same 

• All of the lenses were able to be properly aligned with no 
more than 22.5° of rotation after implantationa 

Minor Protocol Deviation: 
Manufacturing Axis Not According to Protocol 

a One lens aligned 90° from horizontal meridian (protocol deviation). 
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Minor Protocol Deviation: 
12-Month Out-of-Window Visits  

Out of Window Visits 
Early Late Total 

Navy Site  10 15 25 
Others 2 21 23 
Total 12 36 48 

NRSC = Navy Refractive Surgery Center. 
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Protocol Deviations 

Type of deviation Occurrences 
Data 

points Eyes 
Major 54 54 

Lens power outside protocol approved range 32 32 32 

Lens length not selected according to protocol 18 18 18 
Noncompliance with surgical procedures 4 4 4 

Minor 652 3,592 
Missing information 272 495 − 
Manufacturing axis not according to protocol 126 126 126 
Out-of-window visits 123 123 88 
Unapproved randomization 41 41 41 
Missed visits 33 33 25 
Snellen instead of ETDRS 33 33 18 
Inconsistency between protocol and CRF 13 2,730 210 
Noncompliance with pre-surgical procedure 8 8 8 
Eyes outside of the inclusion criteria 3 3 3 

Total occurrences 706 3,646 
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Minor Protocol Deviation: 
Inconsistency Between Protocol and CRF 

Type of deviation Occurrences Data points 

Inconsistency between protocol and CRF 13 2,730 

Pre-op and post-op drug regimen 8 1,680 

Operative and post-op lens centration 2 420 

Involvement in another clinical study 1 210 

Timing of laser iridotomies 1 210 

Wound size and closure method 1 210 
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Minor Protocol Deviation: 
Presurgical Procedure and Outside Inclusion 

Type of deviation Occurrences Data points 

Noncompliance with presurgical 
procedure 8 8 

YAG iridotomies done early 6 6 

Refraction not stable for 12 mo 2 2 

Eyes outside of the inclusion criteria 3 3 

Eyes treated  after patient turned 46 2 2 

Insufficient cylinder  1 1 
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Multiple Sensitivity Analyses 

• Sponsor further evaluated 
– Out-of-window visits 
– Major protocol deviations 
– Lenses implanted not according to protocol 

• Five key endpoints evaluated 
– MRSE  
– Manifest cylinder 
– Percent change in cylinder 
– UCVA 
– Change in BSCVA 

• Not submitted or reviewed by FDA 



CE-21 
Protocol Deviation Sensitivity Analysis 
Manifest Refractive Spherical Equivalent (MRSE) 
Subgroup N P valuea 

All Available Eyes 194 
Mo 12 Visit Timing 0.8312 

Before Window 12 
In Window 146 
After Window 36 

Major Protocol Deviation (PD) 0.5189 
None 149 
Present 45 

Major PD or Early Visit 0.3954 
Neither 138 
Present 56 

Protocol−approved Lens 0.5131 
Yes 62 
No 132 

aTest of heterogeneity of subgroups using General Estimating Equations model. 

-0.4 -0.2 0 0.2 0.4
MRSE, D 

Analysis not submitted or reviewed by FDA. 
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Subgroup N P valuea 

All Available Eyes 194 
Mo 12 Visit Timing 0.3762 

Before Window 12 
In Window 146 
After Window 36 

Major Protocol Deviation (PD) 0.1184 
None 149 
Present 45 

Major PD or Early Visit 0.3523 
Neither 138 
Present 56 

Protocol−approved Lens 0.3573 
Yes 62 
No 132 

Protocol Deviation Sensitivity Analysis 
Manifest Cylinder 

0.2 0.4 0.6 0.8
Cylinder, D 

aTest of heterogeneity of subgroups using General Estimating Equations model. 
Analysis not submitted or reviewed by FDA. 
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Subgroup N P valuea 

All Available Eyes 194 
Mo 12 Visit Timing 0.3183 

Before Window 12 
In Window 146 
After Window 36 

Major Protocol Deviation (PD) 0.5641 
None 149 
Present 45 

Major PD or Early Visit 0.4095 
Neither 138 
Present 56 

Protocol−approved Lens 0.9411 
Yes 62 
No 132 

Protocol Deviation Sensitivity Analysis 
Percent Cylinder Change 

-90 -80 -70 -60 -50
Cylinder change, % 

aTest of heterogeneity of subgroups using General Estimating Equations model. 
Analysis not submitted or reviewed by FDA. 
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Subgroup N P valuea 

All Available Eyes 193 
Mo 12 Visit Timing 0.1408 

Before Window 12 
In Window 146 
After Window 35 

Major Protocol Deviation (PD) 0.4216 
None 149 
Present 44 

Major PD or Early Visit 0.8597 
Neither 138 
Present 55 

Protocol−approved Lens 0.4258 
Yes 62 
No 131 

Protocol Deviation Sensitivity Analysis 
Percent UCVA 20/20 or Better 

60 70 80 90 100
Percent UCVA 20/20 or Better 

aTest of heterogeneity of subgroups using General Estimating Equations model. 
Analysis not submitted or reviewed by FDA. 
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Subgroup N P valuea 

All Available Eyes 194 
Mo 12 Visit Timing 0.6854 

Before Window 12 
In Window 146 
After Window 36 

Major Protocol Deviation (PD) 0.1114 
None 149 
Present 45 

Major PD or Early Visit 0.0707 
Neither 138 
Present 56 

Protocol−approved Lens 0.1865 
Yes 62 
No 132 

Protocol Deviation Sensitivity Analysis 
Change in Lines BSCVA 

Change in Lines BSCVA 
aTest of heterogeneity of subgroups using General Estimating Equations model. 
Analysis not submitted or reviewed by FDA. 
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Demographics and  
Baseline Characteristics 
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Demographics 
(210 Eyes of 124 Patients) 

Gender, n (%) Male 55 (44.4) 
Female 69 (55.6) 

Race, n (%) Caucasian 102 (82.3) 
Black 6 (4.8) 
Hispanic 10 (8.1) 
Other 6 (4.8) 

Eye, n (%) Right 108 (51.4) 
Left 102 (48.6) 

Age, years Mean (SD) 35 (6.8) 
Range (21 – 45) 

Preoperative spherical equivalent Mean (SD) −9.37D (2.67)  
Range −19.50D to −2.38D 

Preoperative cylinder Mean (SD) +1.95D (0.84) 
Range +1.00D to +4.00D 
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Distribution by Pre-Op Manifest Refraction 
Spherical Equivalent (MRSE) (N = 210) 
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Distribution by Pre-Op Manifest Refractive 
Cylinder (N = 210) 
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Refractive Outcomes 
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Predictability—Attempted vs Achieved MRSE at 12 Mo 
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Predictability of MRSE (12 Mo) (n = 194) 
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a Protocol target derived from FDA Draft Guidance. Refractive Implants: Investigational Device Exemptions (IDEs) and 
Premarket Approval Applications (PMAs). http://www.fda.gov/ohrms/dockets/98fr/001385gd.pdf. 

http://www.fda.gov/ohrms/dockets/98fr/001385gd.pdf
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Mean MRSE Pre-Op vs 12 Mo 
(Stratified by Pre-Op MRSE) 
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Stability of MRSE 

Change in spherical 
equivalent between 

1 mo and 3 mo 
(n = 184) 

3 mo and 6 mo 
(n = 172) 

6 mo and 12 mo 
(n = 177) 

≤0.25D 136 (73.9%) 129 (75.0%) 139 (78.5%) 

≤0.50D 169 (91.8%) 159 (92.4%) 167 (94.4%) 

≤1.00D 184 (100%) 170 (98.8%) 176 (99.4%) 

Mean Change, D 0.01 –0.01 0.08 

SD, D 0.31 0.33 0.36 

95% CI, D [–0.04 to 0.05] [–0.06 to 0.04] [0.03 to 0.13] 

Mean Change/year, D 0.06 –0.04 0.16 

Target stability of MRSE should be ≤0.5D/yeara 

a Protocol target derived from FDA Draft Guidance. Refractive Implants: Investigational Device Exemptions (IDEs) and 
Premarket Approval Applications (PMAs). http://www.fda.gov/ohrms/dockets/98fr/001385gd.pdf. 

http://www.fda.gov/ohrms/dockets/98fr/001385gd.pdf
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Manifest Cylinder Over Time 
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Predictability of Manifest Cylinder  
at 12 Mo and Comparison to Pre-Op 
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a Target per protocol; IDE G010252. 
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Percent Reduction in Absolute Refractive 
Cylinder Stratified by TICL Power (BSS) 

TICL power 
(BSS) n 

Percent reduction in absolute Cyla 

Mean [95% CI] 

1.0 63 73.2 [63.5 to 82.9] 

1.5 27 58.5 [43.2 to 73.8] 

2.0 36 80.2 [72.3 to 88.0] 

2.5 32 86.0 [79.2 to 92.7] 

3.0 15 82.0 [75.0 to 89.1] 

3.5 9 90.6 [81.4 to 99.8] 

4.0 12 83.3 [69.7to 97.0] 

Overall 194 76.7 [72.2 to 81.2] 

a Achieved / Attempted. 
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Stability of Absolute Cylindera 

Magnitude of change in 
absolute cylinder 

1 mo and 3 mo 
(n = 167) 

3 mo and 6 mo 
(n = 167) 

6 mo and 12 mo 
(n = 167) 

≤0.5D 140 (83.8%) 148 (88.6%) 143 (85.6%) 

≤1.0D 164 (98.2%) 165 (98.8%) 165 (98.8%) 

Mean change, D 0.00 –0.03 0.03 

SD, D 0.35 0.30 0.30 

95% CI, D [–0.05 to 0.05] [–0.08 to 0.01] [–0.02 to 0.07] 

Mean change/yr, D –0.01 –0.14 0.06 

a Eyes that had every follow-up exam up to the stability time point. 
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Visual Outcomes 
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Achieving 20/20 and 20/40 or Better UCVA 
Over Time 
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Uncorrected Visual Acuity (UCVA) at 12 Mo 
vs Pre-Operative BSCVA (Cumulative) (n = 193) 
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UCVA at 12 Months (Cumulative) in Eyes with 
Pre-op BSCVA 20/20 or Better (n = 159) 
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85%a 

a Protocol target derived from FDA Draft Guidance. Refractive Implants: Investigational Device Exemptions (IDEs) 
and Premarket Approval Applications (PMAs). http://www.fda.gov/ohrms/dockets/98fr/001385gd.pdf. 

http://www.fda.gov/ohrms/dockets/98fr/001385gd.pdf
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12 mo UCVA better 
than pre-op BSCVA 

Pre-op BSCVA better 
than 12 mo UCVA 

Difference Between 12 Mo UCVA and Pre-Op 
BSCVA (N = 194) 
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76.7% of eyes had 12 mo UCVA as good as or better than pre-op BSCVA 
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Patient Satisfaction and Quality of Vision 
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Patient Satisfaction With Surgery 
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Note: 15 patients at 3 mo postoperatively did not report; 10 patients at 12 mo postoperatively did not report. 
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Patient Willingness to Have Surgery Again 
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Note: 15 patients at 3 mo postoperatively did not report; 10 patients at 12 mo postoperatively did not report. 
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Patient Rating of Quality of Vision at 12 mo (n = 184)  
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Rotational Stability 
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Rotational Stability: Overall Stability 
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Assessment of Rotational Stability at Slit Lamp 

Slit lamp view CRF showing how rotational 
stability was recorded 
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Stability of Axis Orientation (Slit Lamp) 
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≤ 5° ≤ 10° 

n =  121 n =  140 n =  136 n =  155 n =  148 

ANSI Z80.30-2010: Stability of the toric IOL axis is achieved if 90% of the treated eyes rotate <5° between 2 
consecutive visits, at least 3 mo apart. 
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Effectiveness Summary 
TICL (12 mo) 

(N = 210) 
MICL (12 mo) 

(N = 526) Target1 

UCVA (n = 193) 
20/16 or better 53.9% ― 
20/20 or better 81.9% 50.4%a 

20/40 or better 95.3% 91.0%a 
UCVA if pre-op BCVA 20/20 or better (n = 159) 

20/20 or better 89.3% 60.7%a 
20/40 or better 100% 93.7%a 85% 

Predictability  MRSE (n = 194) 
± 0.50D 76.8% 67.5% 50% 
± 1.00D 97.4% 88.2% 75% 

Predictability  cylinder (n = 194) 
± 0.50D 65.5% ― 40% 
± 1.00D 91.2% ― 65% 

Patient satisfactionb (n = 184) 
Unsatisfied 0 0.6% 
Very/Extremely satisfied 97.8% 92.1% 

aExcludes patients with >15D myopia who were under corrected. 
bReported at 12 mo postoperatively 

1 Protocol target derived from FDA Draft Guidance. Refractive Implants: Investigational Device Exemptions (IDEs) 
and Premarket Approval Applications (PMAs). http://www.fda.gov/ohrms/dockets/98fr/001385gd.pdf. 

http://www.fda.gov/ohrms/dockets/98fr/001385gd.pdf
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Effectiveness Conclusions 

• Study met or exceeded all protocol effectiveness targets for the 
correction of myopic astigmatism across the full range of cylinder 
powers tested 
– Refractive predictability was excellent (97.4% within 1D) 
– Refractive, rotational, and visual stability achieved early and 

maintained through 12 mo 
– UCVA was excellent (81.9% achieved 20/20 or better) 

• There were a significant number of protocol deviations 
– However, detailed analysis of major protocol deviations and 

out-of-window visits demonstrated they were unlikely to have 
affected study outcomes 

• The Toric ICL can be an effective option for patients with myopia 
and astigmatism 
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Safety 
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Overview of Data Sources 

• MICL study (N = 526) 

– Post-approval study (PAS) with 5-yr follow-up 

• TICL study (N = 210) 

• Global post-marketing surveillance (N = 296,426) 

• Literature review  

– December 2005 - March 2013 

MICL = Myopic Implantable Collamer® Lens™, TICL = Toric Implantable Collamer® Lens. 
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Primary Safety Study of Visian ICL Haptic Design 
MICL Study (N = 526) 

• 3-yr study (N = 526) 
• Presented to FDA in 2003 
• Basis for approval of MICL 
• Continued follow-up of  5+ yr (extension) as a  

post-approval commitment (N = 335) 
• Safety evaluations 

– Preservation of BSCVA 
– Slit lamp evaluations 
– Intraocular pressure (IOP) 
– Incidence of complications and adverse events 
– Endothelial cell loss 

BSCVA = Best spectacle-corrected visual acuity. 
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Safety Endpoints  
TICL Study (N = 210) 

• Preservation of BSCVA 
• Results of slit lamp examination 
• IOP 
• Incidence of complications and adverse events 
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Safety Topics 

• Preservation of BSCVA 
• Complications and adverse events 

– Cataract 
– IOP 

• Second surgical interventions 
• Inflammation 
• Patient symptoms 
• Vault and sizing 
• Endothelial cell loss 
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Preservation of Best  
Spectacle-Corrected Visual Acuity 

(MICL and TICL Studies) 
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Preservation of BSCVA (Cumulative) 
MICL Study 
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BSCVA Pre-op vs 12 Mo (Cumulative) 
TICL Study (N = 194) 
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Guidance document: Checklist of Information Usually Submitted in an Investigational Device Exemptions (IDE) Application for Refractive 
Surgery Lasers targets <1.0% of subjects have BSCVA <20/40. 
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BSCVA 20/40 or Better Stratified by Pre-op MRSE 
MICL Study (N = 222 Consistent Cohort)  
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Pre-op 5 yr

MRSE = Manifest refraction spherical equivalent. 
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BSCVA 20/40 or Better Stratified by Pre-op MRSE 
TICL Study (N = 194)  
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BSCVA 20/40 or Better Stratified by Pre-op Astigmatism 
TICL Study (N = 194 Consistent Cohort) 

100 100 100 100 100 100 97.6 100 100 100 100 100 

0

20

40

60

80

100

1.00 -
1.50D

1.51 -
2.00D

2.01 -
2.50D

2.51 -
3.00D

3.01 -
3.50D

3.51 -
4.00D

Ey
es

 2
0/

40
 o

r b
et

te
r, 

%
 

Pre-Op 12 M



CS-12 CS-12 
Change in BSCVA Pre-op to 5 Yr 
MICL Study (N = 331) 
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Change in Lines of BSCVA 

Guidance Document: Refractive Implants: Investigational Device Exemptions (IDEs) and Premarket Approval Applications (PMAs)  (8/00) 
referenced in the Visian TICL Study protocol suggests target of <5% of cases should have ≥2 line loss in BSCVA. 

Improved Worse 

45% gained 1 or more lines 
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Change in BSCVA Pre-op vs 12-Mo Visit 
TICL Study (N = 194) 

Change in Lines of BSCVA 
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U.S. Refractive Implants Guidance for Investigational Device Exemptions (IDE) and Premarket Approval (PMA) Applications (8/00) 
referenced in the Visian TICL Study protocol suggests target of <5% of cases should have ≥2 line loss in BSCVA. 

Mean change = +0.89 lines 
76.8% gained 1 or more lines 

Improved Worse 
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Eyes With Persistent Loss of BSCVA ≥2 Lines  
TICL Study  

Pathology Pre-op BSCVA 
12 mo 
BSCVA 

Lines 
lost 

None 20/12.5 20/20 2 

Pre-op amblyopia 20/40 20/60 2 

Anterior subcapsular opacity 20/25 20/50 3 

• 3/210 eyes (1.5%) had a persistent loss of BSCVA 
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Complications and Adverse Events 

(MICL and TICL Studies) 
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Intraocular Pressure Rise Pre-op to 5 yr 
MICL Study (N = 526) 

• 12 eyes (2.3%) of 8 patients had either glaucoma or increased 
IOP from baseline at last visit (≥ 5 yr follow-up) 

– 7 eyes (1.3%) of 4 patients diagnosed with glaucoma 

• 3 bilateral cases diagnosed on same post-op visit   

• 3 eyes had increased IOP at last visit 

– 5 eyes (1.0%) of 4 patients had increased IOP at last visit 
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Intraocular Pressure Increase 
TICL Study (N = 210) 

Eyes, n (%) 

Adverse event 
TICL (1 yr) 
(N = 210) 

Acute IOP rise 1 (0.5) 
Late IOP rise 1 (0.5) 



CS-18 

Crystalline Lens Evaluation 

(MICL and TICL studies, Literature) 
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Photograph from Chylack LT, Wolfe JK, Singer DM, et al. The Lens Opacities Classification System III.  
Arch Ophthalmol. 1993;111:831-836. 

Anterior Subcapsular Opacities 
Grade 1.0 (Trace) LOCS III Scale 
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Summary of Anterior Subcapsular Opacities 

Eyes, n (%) 

Adverse event 
TICL (1 yr) 
(N = 210) 

MICL (5 yr) 
(N = 526) 

≥  Tracea  6 (2.9) 31 (5.9) 
Clinically significant 2 (1.0) 7 (1.3) 

a Includes clinically significant. 
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Kaplan-Meier: Time to Anterior Subcapsular Opacity 
MICL Study (N = 526) 
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Anterior Subcapsular Opacities 
TICL Study (N = 210) 

• 4 eyes (1.9%) Trace (all asymptomatic) 
– 20/16 or better BSCVA 
– 20/25 or better UCVA 
– Glare score Absent/Mild 

UCVA = Uncorrected visual acuity. 
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Anterior Subcapsular Opacities 
TICL Study (N = 210) 

• 2 eyes (1.0%) clinically significanta 

– 2+ ASC 
• 20/50 BSCVA (from 20/25 pre-op BSCVA) 

– 3+ ASC 
• No loss of BSCVA; increased glare 
• Cataract surgery at 22 mo 
• 20/16 BSCVA  

ASC = Anterier subcapsular cataract. 
a Study protocol defines clinically significant lens opacities as loss ≥2 lines BSCVA with glare compared with pre-op. 
Guidance Document: Refractive Implants: Investigational Device Exemptions (IDEs) and Premarket Approval  
Applications (PMAs) . 
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Literature Review of Published ICL Articles 
Incidence of Anterior Subcapsular Cataracts 

• 43 publications identified for data extractiona 

• 3.6% incidence of ASC 
– Calculated weighted average  
– Average follow-up 39 mo (range, 6 - 120 mo) 
– This includes reported cases of opacities that 

were asymptomatic 

a FDA Executive Summary Prepared for the February 14, 2014, meeting of the  
Ophthalmic Devices Advisory Panel P030016/S001, Appendix 3, page 144 -160. 
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Perisurgical Complications 
TICL Study (N = 210) 

• Lens removed and reinserted during or same day as 
surgery 
– 7/210 (3.3%) 

• Additional YAG iridotomy 
– 3/210 (1.4%) 

• Retained viscoelastic material with transient excessive 
vault of ICL and anterior bowing of the iris 
– 1/210 (0.5%) 

• Lens tear, aborted procedure, ICL inserted 2 wk later,  
wound leak 
– 1/210 (0.5%) 
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Secondary Surgical Interventions 

(MICL and TICL studies, Post-market surveillance) 
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Summary of Secondary Surgical Interventions 

Eyes, n (%) 

Adverse event 
TICL (1 yr) 
(N = 210) 

MICL (5 yr) 
(N = 526a) 

Repositioning 1 (0.5) 4 (0.8) 
Replacement and/or removal 4 (1.9) 9 (1.7) 
Repair of retinal detachment 1 (0.5) 3 (0.6) 
Cataract extraction 0 11 (2.1) 
a 335 eyes were seen at 5 years. 
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Six Secondary Surgical Interventions (2.9%) 
TICL Study (N = 210) 

• 5 related to the surgery or device 
– 2 TICL removals 
– 1 TICL repositioning 
– 1 removal due to photopsia from PI 
– 1 removal due to surgically related opacity 

• 1 unrelated to the surgery or device 
– 1 retinal detachment 



CS-29 
Global Safety Experience (All Myopic ICLs) 
December 2005 - March 2013 

Preferred term 
Percentage of Implants  

(N = 296,426) 
Endophthalmitis 0.01 
Retinal detachment 0.01 
Early cataract (during 1st 6 months) 0.04 
Late cataract (after 6 months) 0.10 
Hyphema 0.00 
Hypopyon 0.00 
Cystoid macular edema 0.00 
Uveitis 0.01 
Corneal edema 0.02 
Pigment dispersion 0.01 
Elevated IOP (acute) 0.25 
Lens movement 0.15 
Refractive error 0.09 
Low vault (removed and/or replaced) 0.28 
High vault (removed and/or replaced) 0.22 
Exchange or explant (no other AE) 0.04 
Other AE 0.06 
Total 1.26 
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Global Safety Experience (All Myopic ICLs) 
December 2005 - March 2013 

• N = 296,426 
• Removal and/or replacement rate = 1.08% 

– As reported to the sponsor 
• Reflects all potential causes  

– Sizing  
– Power calculation 
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Inflammation 

(MICL and TICL studies) 
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Flare and Anterior Chamber Cell 
TICL Study 
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Patient Symptoms 

(MICL and TICL studies) 
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Patient Symptoms 

• Subjective questionnaire administered at baseline 
and post-operatively 

• Patients asked to rate the following symptoms as 
absent, mild, moderate, marked, or severe: 
– Glare 
– Halos 
– Double vision 
– Night vision difficulties 
– Night driving difficulties 
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Patient Symptoms Rated as Absent or Mild 
MICL Study 
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Patient Symptoms Rated as Moderate or Marked/Severe 
MICL Study 
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Patient Symptoms Rated as Absent or Mild 
TICL Study 
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Patient Symptoms Rated as Moderate or Marked/Severe 
TICL Study 
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Sizing and Vault 

(MICL and TICL studies) 
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Sizing and Vault 

Measuring white-to-white Slit lamp examination 

Images courtesy of John Vukich. 
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Current Sizing Method Achieved Clinically 
Acceptable Vault 

• Sponsor recommends vault between 50% and 150% of central 
corneal thickness (CT) 

• In the absence of symptoms, lens vault outside of  this 
recommended range may not require intervention 

• Vault in TICL study at 1 mo or latera 
– Mean vault = 105% ± 56% of CT 
– 80% of eyes had vault 50% − 150% of CT 
– 93% of eyes had vault 25% − 200% of CT 

a Last available value carried forward. 
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Considerations for Determining Clinically 
Acceptable Vault 

• Upper limit of acceptable vault is a function of anterior 
chamber depth 

– 22 (10.8%) eyes with vault >150% CT at 1 mo or later 

• One eye had the ICL removed 

• Lower limit of acceptable vault may be related to an 
increased relative risk of anterior subcapsular opacities 

– 18 (8.9%) eyes with vault <50% CT at 1 mo or later 

• 3 with LOCS III score ≥1 at 12 mo  
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Safety Summary 
TICL Compared with Approved MICL 

Variable change 
TICL (1 yr) 

N = 210 
MICL (5 yr) 

N = 526a Targetsb 

BCVA worse than 20/40 postoperativec 
(if 20/20 or better preoperative) 0 1 (0.2%) <1% 

Loss of 2 Lines BSCVA  
(6 or 12 mo or later postoperative) 2 (1.0%) 9 (1.7%)   

Combined 
<5% Loss of >2 Lines BSCVA  

(6 or 12 mo or later postoperative) 1 (0.5%) 10 (1.9%) <5% 

Increase >2D Cylinderd 0 1 (0.2%) <1% 

ICL Repositioning 1 (0.5%) 4 (0.8%)   

ICL Replacement, then removal 0 1 (0.2%)   

ICL Replacement 1 (0.5%) 8 (1.5%)   

ICL Removal (no IOL or ICL replacement) 3 (1.4%) 2 (0.4%)   

ICL Removal/cataract extraction/IOL 0 8 (1.5%)   
a 335 eyes were seen at 5 years. 
b Targets per Draft FDA Guidance at time study was conducted. 
c 1-12 months for TICL; 1-60 months For MICL. 
d at 12 months for TICL; 60 months for MICL. 
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Safety Conclusions 

• All primary safety endpoints observed with the 
Visian TICL were better or comparable to those 
previously reported with the approved MICL  

• Safety of TICL has been established across the full 
range of myopia and astigmatism 
– Confirmed with global safety experience in 

300,000 cases worldwide, including 45,000 MICL 
cases in the US 
• More than 17 yr of international experience 
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Endothelial Cells and Clinical Perspectives 
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History of MICL and TICL Studies and 
Endothelial Cell Counts 

• Approved TICL study protocol did not include endothelial cell 
counts 

• Original MICL study was a 3-yr follow-up study 

• MICL study enrollment (1998 - 2001) 

– Endothelial cell counts evaluated in substudy 

• 2005 FDA asked for PAS of EC counts to 5 yr 

– 159 eyes followed for 5 yr or greater 

– PAS started 4 to 7 yr after MICL enrollment 
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Endothelial Cell Counts Assessed by  
Specular Microscopy 

• Why are cell counts  
important? 

• To make sure there is no  
short-term or long-term  
damage to corneal  
endothelium that could  
lead to corneal  
decompensation 

• Central reading center  
with masked reader  
(Emory University) 
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Summary—Specular Microscopy 
MICL Substudy (≥ 5-Yr Data; N = 159) 

• Cumulative mean EC loss of 2.4% per year over 5+ yr 
(mean follow-up, 5.5 yr) 

• % Hexagonal cells + Coefficient of Variation data 
were comparable to normal eyes with no indication 
of chronic endothelial stress (seen in pseudophakic 
bullous keratopathy, diabetes, contact lens wear) 

* First available to last visit. 
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Endothelial Cell Density 
Visian MICL PAS Study―Overall Cohort (N = 159) 

4 eyes had acute loss 
after surgery without 
further decline 
1 eye had acute loss after 
traumatic injury 
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Cumulative mean rate of EC loss = 2.4% per yr 
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Detail on PAS Outliers With >30% Endothelial 
Cell Loss 4 to 6 Years After Surgery 

• 10 outlier eyes in 7 patients (~6% of eyes with data)  
– Had higher rate of progressive EC loss 

• Cumulative >30% at 4 - 6 yr 
• Etiology has not been determined 

– STAAR performed 10-yr follow-up on 8 of 10 eyes 
– Rate of cell loss slowed with longer follow-up 

• 2 eyes with low EC count at 1 yr, but no pre-op count 
• 4 eyes with surgical trauma 
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Endothelial Cell Density Over Time (8 years) 
Post-Approval Study (N = 159) 
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Potential Causes of Cell Loss in Outliers 

• No definitive association 
– Abnormal pigment dispersion 
– Age 
– Anterior chamber depth 
– Axial length 
– Clinical flare and cell 
– ICL power or thickness 
– IOP increase 

• Cannot rule out 
– Laser iridotomy 

• Reports in literature in small subset of patients1,2 

1. Park et al. Graefes Arch Clin Exp Ophthalmomology (2012) 250: 1673-1680. 
2. Lim et al. Am J Ophthalmol (2006) 142(1): 166-168 

– MRSE 
– Perisurgical complications 
– Preoperative conditions 
– Previous ocular surgery 
– Residual space 
– Secondary ICL-related surgery 
– Sex 
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Endothelial Cell Density Over Time in 
Outliers―Long-Term Follow-up 
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Normal Pattern of Endothelial Cell Loss in 
Humans 

• The normal cell count in humans shows a biexponential rate 
of EC loss over a person’s lifetime 

• Biexponential loss of EC is also seen after non-recurring 
trauma to the endothelium 
– Cataract surgery 
– Corneal transplants 

• The slow loss of cells stabilizes over time unless there is 
some chronic inflammation or trauma 
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Normal Pattern of Endothelial Cell Loss With 
Age 

Armitage WJ, et al. Invest Ophthalmol Vis Sci. 2003;44(8):3326-3331. 
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Normal Pattern of Endothelial Cell Loss After 
Cataract Surgery 

Armitage WJ, et al. Invest Ophthalmol Vis Sci. 2003;44(8):3326-3331. Data from Bourne WM, et al. Ophthalmol. 1994;101:1014-1022. 
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Normal Pattern of Endothelial Cell Loss After 
Corneal Transplant  

Armitage WJ, et al. Invest Ophthalmol Vis Sci. 2003;44(8):3326-3331. 
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Predicting the Future of Endothelial Cell Loss 

• Concern is long-term trends 
• Surgery can in some cases cause a short-term,  

acute loss—as in cataract surgery 
• What is rate of loss after cell counts re-stabilize? 
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Biexponential Model of Endothelial Cell Loss in 
MICL PAS 

Analysis not submitted or reviewed by FDA. 
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Endothelial Cell Loss—Summary  
MICL PAS Data 

• The main cohort followed a biexponential pattern 
of cell loss similar to that reported after cataract 
surgery1 

• Small group of outliers identified 
– Took longer than normal for cell loss to stabilize 

1. Bourne WM, et al. Opthalmol. 1994;101:1014-1022. 
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Worldwide Surveillance:  
Medical Device Reports of Corneal Edema 

• 203,778 implants (Dec 2005 – May 2013) 

– 30 corneal edema (0.02%) 

• Reported within 1 week (n = 18) 

• Reported within 1 year (n = 29)  

• Date unknown but noted as resolved (n = 1) 

– 1 report of explant due to EC loss (0.0005%) 
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Summary―Endothelial Cell Loss 

• Approximately 400,000 Visian ICL implanted  
over 17 years 

– No reports of non-traumatic corneal 
decompensation  

• PAS EC loss data consistent with other cohort 
reports in literature 

• No evidence of chronic inflammation 
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Clinical Perspectives 



CP-21 
Integrity of Outcomes Maintained Despite 
Concerns Over Study Methods and Conduct 

• Study designed in 2001 and initiated in 2002 
• Protocol deviations 

– Unlikely to have effected study outcomes as 
demonstrated by multiple sensitivity analyses on 
key study endpoints* 

 

* Analysis not submitted or reviewed by FDA. 
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Why We Need the Visian TICL 

• Significant unmet need for additional treatment options for 
myopic astigmatism 
– Not all patients satisfied with glasses or contacts 
– Not all patients candidates for laser or incisional 

procedures 
• Corrects both myopia and astigmatism with a single, surgical 

procedure  
– Eliminates need for secondary procedure to correct 

astigmatism and its associated risks 
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12 mo UCVA better 
than pre-op BSCVA 

Pre-op BSCVA better 
than 12 mo UCVA 

12-Month UCVA Equal to or Better than  
Pre-Op BSCVA in 77% of Eyes 
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76.7% of eyes had 12 mo UCVA as good as or better than pre-op BSCVA 
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77% Gained at Least 1 Line of BSCVA 

Change in Lines of BSCVA 

0.5 1.0 4.6 

17.0 

58.2 

16.5 

2.1 

0

10

20

30

40

50

60

>2 2 1 No change 1 2 >2

Ey
es

, %
 

U.S. Refractive Implants Guidance for Investigational Device Exemptions (IDE) and Premarket Approval (PMA) Applications (8/00) 
referenced in the Visian TICL Study protocol suggests target of <5% of cases should have ≥2 line loss in BSCVA. 

Mean change = +0.89 lines 
76.8% gained 1 or more lines 

Improved Worse 
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MRSE and Manifest Cylinder Remain Stable 
Over Time 
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Visian TICL Is a Safe and Effective Treatment 
Option for Myopic Astigmatism 

• Post-operative visual acuity met or exceeded all established targets 

• Excellent patient satisfaction 

• Potential risks well characterized and comparable to implantation 
with any intraocular lens 

–  >300,000 MICL and >110,000 TICL implants globally 

– More than 38,000 Visian ICLs implanted 10 yr or longer 

– More than 9,000 Visian ICLs implanted 15 yr or longer 

• Safety confirmed by preservation of BCVA and overall low incidence 
of complications and adverse events 

• STAAR is committed to further characterizing long-term safety 
profile of Visian ICL platform 
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Endothelial Cell Density Over Time in 
Outliers―Long‐Term Follow‐up

Ce
lls
 p
er
 m

m
2

Time from surgery, yr

3.7%/yr
2.2%/yr
5.9%/yr 0.7%/yr

Fellow eyes
of outliers

Outlier
Non-outlier

Data points 
beyond 11 yr from 
routine follow-up 
of study patients. 

Hand counted at 
site, not at 
reading center.

Data not submitted or reviewed by FDA.



EC‐3
Endothelial Cell Loss (Excluding Outliers*) for 
Year 0‐1 and Years 1‐8
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* Analysis not reviewed by FDA.
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Extrapolation of ECD Threshold in DFU 
Using ANSI Standard Methodology
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Rotational Stability Between Visits: 
Error of Angle (EA) Analysis from Manifest

• The analysis considers the uncertainty in cylinder and axis 
values (ie, error of measurement)

• The refraction values are “consistent with” change in EA 
values ≤ 5⁰ between visits about 95% of the time

Time period ≤ 5⁰ ≤ 15⁰

1 to 3 mo 96%  (176/184) 99%  (182/184)

3 to 6 mo 95%  (164/172) 98%  (169/172)

6 to 12 mo 95%  (168/177) 99%  (175/177)
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Complications and Adverse Events 
(Observed versus SPE)

Adverse Event

Cumulative  Persistent at 12 months
TICL, n (%)
(N = 210)

ISO rate, %
(N = 300)

TICL, n (%)
(N = 210)

ISO rate, %
(N = 300)

Endophthalmitis 0 0.1 — —
Hyphema 0 2.2 — —
Hypopyon 0 0.3 — —
IOL dislocation 0 0.1 — —
Cystoid macular edema 0 3.0 0 0.5
Pupillary block 0 0.1 — —
Retinal detachment1 1 (0.5) 0.3 — —
Surgical reintervention 5 (2.4) 0.8 — —
Corneal edema (after 1 week) 0 — 0 0.3
Iritis (after 1 week) 0 — 0 0.3
Raised IOP requiring intervention 1 (0.5) — 0 0.4

1 The eye with retinal detachment, assessed by the surgeon to be a chronic condi on, had myopia of −12.00D. Subject was treated 
with laser retinopexy. At 12 M, UCVA was 20/16, BSCVA 20/12.5. Subject was extremely satisfied with outcome.

Rate of retinal detachment for the approved Visian ICL was 0.6%, comparable to 0.5% rate for TICL

(XXXXX) Source
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Secondary Surgical Interventions 
TICL Study

CSR Table 17, p 60.

Eye 
ID

Pre‐op 
BSCVA Adverse event Intervention

Time of 
SSI

PostSSI
BSCVA

25 20/20 Acute IOP elevation
Excessive vault

Additional LPI 
TICL removed

1D
1M

20/25

227 20/25 Excessive vault TICL replaced 6W 20/20

264 20/20 TICL misaligned TICL realigned 3D 20/16

198 20/16 Line in vision due to LPI TICL removed 6W 20/16

121 20/16 Anterior subcapsular opacity 
LOCS III score = 0.5 (Trace)
(surgically related)

TICL removed 1W 20/16

103 20/20 Retinal detachment
(unrelated)

Repair of RD 9M 20/12.5
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Summary of Secondary Surgical Interventions

Eyes, n (%)

Adverse event

TICL
(N = 210)

MICL
(N = 526)

1 year 1 year 5 yearsa

Repositioning 1 (0.5) 4 (0.8) 4 (0.8)
Replacement and/or removal 4 (1.9) 4 (0.8) 9 (1.7)
Repair of retinal detachment 1 (0.5) 0 3 (0.6)
Cataract extraction 0 0 11 (2.1)
a 335 eyes were seen at 5 years.
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Timing of 12‐month Out‐of‐Window Visits

NRSC Other sites Grand total
Total Early 10 2 12
> 30 Days Early 1 0 1
1‐30 Days Early 9 2 11

Total Late 15 21 36
1‐30 Days Late 1 7 8
31‐60 Days Late 1 9 10
61‐90 Days Late 1 3 4
91‐180 Days Late 5 1 6
> 180 Days Late 7 1 8

Total Out of Window, n (%) 25 (66) 23 (15) 48 (25)

NRSC = Navy Refractive Surgery Center.
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ICL Vault Relative to Central Corneal Thickness

Crystalline Lens

Cornea

Iris ACD
average 3.5 mm

(range 2.8 – 4.5 mm)

0.55 mm
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Recommended vault is 50% to 150% of central corneal thickness
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Summation

Steven Schallhorn, MD
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Unmet Need

• Approved Myopic ICL provides a great benefit to 
patients with myopia
– More than 300,000 implants over 17 years

• Unmet need in patients with myopic astigmatism
• The Toric ICL can meet that need with a single 
procedure
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Effectiveness of Toric ICL
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Safety of Toric ICL

• Confirmed safety profile demonstrated in the larger 
MICL study over 3 years
– Preservation of BCVA
– Low rate of complications and adverse events

• Endothelial cell loss 
– Stabilizes over time
– No reported cases of persistent corneal edema, 
corneal decompensation, or corneal transplant 
over 17 years of use

– Long‐term studies planned and ongoing
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Conclusions

• The dataset presented today represents valid 
scientific evidence to support meaningful 
effectiveness and safety conclusions

• Effectiveness findings hold up against even the most 
conservative sensitivity analyses

• Benefits clinically meaningful and often life 
changing

• Benefits outweigh potential risks in patients with 
moderate to high myopic astigmatism
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